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ABSTRACT
IMPLEMENTATION OF AN ADVANCED OPERATING ROOM SCHEDULE TO
INCREASE COMPLIANCE WITH CLINICAL PRACTICE GUIDELINES FOR
PREOPERATIVE ANTIBIOTIC SELECTION AND TIMING: A QUALITY
IMPROVEMENT PROJECT
By
Shelby Lynne Adams BSN RN
Surgical site infection (SSI) is a major cause of morbidity and mortality in
operative patients worldwide. The American Society for Health-System Pharmacists
(ASHP) published the most recent clinical practice guidelines for antimicrobial
prophylaxis in surgery. These guidelines are based upon the available evidence and
provide a standardized approach for the safe and effective selection, dosing, and
administration of antibiotics for the prevention of SSI (Bratzler et al., 2013). This Doctor
of Nursing Practice (DNP) project aimed to determine if incorporating an advanced
operating room (OR) schedule, inclusive of ASHP presurgical antibiotics, increased
compliance with ASHP standards of antibiotic selection and antibiotic timing. A
retrospective pre-post design was used for this study; data were collected between
December 1, 2021, and February 28, 2022, and the sample included 829 patients. No
significant change to ASHP compliance was seen in antibiotic selection (p = 0.4776) or
antibiotic timing (p = 0.8058) with the advanced OR schedule.
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Chapter One
Introduction
A potential complication of a surgical procedure is a surgical site infection (SSI).
An SSI is defined as an infection that occurs after surgery or within 30 days of a surgical
procedure (Segala et al., 2020). The affected individual may suffer many complications,
including death (Branch-Elliman et al., 2022). While patient safety and increased
mortality risk are of the most significant concern, SSIs also raise healthcare costs
substantially. These additional costs stem from prolonged hospitalization, the possible
need for additional surgeries, and readmission for additional treatment (Tefera et al.,
2020). These unanticipated hospital admissions and/or prolonged hospital stays can result
in increased charges and annually create a 10-billion-dollar burden on the United States
healthcare system (World Health Organization, 2018). The prevention of SSIs
encompasses a large array of interventions that require staff education and procedural
consistency. These interventions include but are not limited to improved operating room
(OR) ventilation, operative sterilization techniques, timely administration of preoperative
antibiotics, appropriate antibiotic selection based on the scheduled procedure, and a
variety of preventive measures within the surgical environment (Tefera et al., 2020).
Description of the Problem
The topic of SSIs, specifically ways to reduce them, has become a significant
point of emphasis for hospital organizations and groups, including The Joint
Commission. This is an accrediting body that looks to evaluate health care organizations
to ensure they work to provide safe and effective care of the highest quality (The Joint
Commission, 2022). As the number of surgical procedures in the United States continues
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to rise, increased importance is being placed on the need to reduce SSIs and improve
patient outcomes (Berríos-Torres et al., 2017). SSIs have negative clinical and financial
outcomes for patients and healthcare organizations. SSIs are currently the most prevalent
and most costly hospital-acquired infection in the United States (Heuer et al., 2017). It
has been estimated that the incidence of SSIs in the United States ranges from 160,000 to
300,000 annually, with an estimated cost ranging from $3.5 billion to $10 billion (Loyola
University Health System, 2017). This further enforces the need to improve the
prevention, management, and treatment of SSIs.
The Centers for Disease Control and Prevention Report on Healthcare-Associated
Infection estimated that in 2015, 110,800 inpatient surgeries in the United States had an
associated SSI complication (Centers for Disease Control And Prevention [CDC], 2022).
Through consistent review of surgical protocols and case appraisals, surgical teams
attempt to improve patient safety and maintain compliance with evidence-based
interventions in accordance with the measures provided by the Center for Medicare and
Medicaid (CMS) and the Surgical Care Improvement Project (SCIP). Compliance with
current measures introduced by the SCIP is required for healthcare institutions to receive
reimbursement (Heuer et al., 2017).
In the United States, approximately 40-50 million major surgeries are performed
annually (Dobson, 2020). Despite many great advancements in medicine, SSIs continue
to have the potential to affect many patients. In the efforts to reduce SSIs, two national
organizations, the CDC and the American Society of Health-System Pharmacists (ASHP)
have synthesized comprehensive guidelines regarding the administration of prophylactic
antibiotics across a broad range of procedures (Bratzler et al., 2013). The goal of the
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ASHP is to “provide practitioners with a standardized approach to rational, safe and
effective use of antimicrobial agents for the prevention of SSIs based on currently
available clinical evidence and emerging issues” (Bratzler et al., 2013, p. 195). The use of
a multidisciplinary approach has been successful in improving compliance with
guidelines for antibiotic prophylaxis in surgery (AlAlwani, AlTahoo, Yaqoob, Ahmed
Ali, & Alekri, 2021). Communication in healthcare is a key component of a patient’s
healthcare experience. The Comprehensive Unit-based Safety Program (CUSP),
originally developed at Johns Hopkins Hospital, highlights the importance of a
continuous process that aims to improve the safety culture (Agency for Healthcare
Research and Quality, 2019). Identifying and learning from errors, promoting staff
involvement and collaboration at all stages of safety efforts is incorporated into the CUSP
(Agency for Healthcare Research and Quality, 2019). Before this quality improvement
project, many roles pertaining to the presurgical antibiotic process were unclear to staff.
Therefore, the overall implementation of protocols and an interprofessional approach can
aid in the reduction of adverse events and optimize patient outcomes (Crader &
Varacallo, 2022).
Focus
This quality improvement project focused on the development of a
multidisciplinary advanced OR schedule with pharmacy-led antibiotic selection. The goal
of the schedule revision was to improve compliance with appropriate antibiotic selection
and timing for surgical patients in a rural Midwest hospital. The pre-intervention
assessment explored providers' current compliance with antibiotic selection over six
weeks. It was also important to develop a multidisciplinary approach to improve
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compliance with appropriate perioperative antibiotic guidelines at this facility. Failure at
any one of the many steps along the antibiotic pathway in this complex process could
prevent meeting SCIP goals. As antibiotic use falls within several departments, the use of
a multidisciplinary approach is an essential component of this project. The
multidisciplinary team was comprised of representatives from surgery, anesthesia,
infectious disease, nursing, information technology, and pharmacy departments. After
reviewing the antibiotic ordering and administration process, the team identified specific
barriers within individual departments that contribute to decreased antibiotic compliance
and provided recommendations for quality improvements. Problems identified by the
team included inappropriate antibiotics ordered/selected, antibiotics given outside the
SCIP’s recommended window, antibiotics not ordered, and antibiotics not immediately
available for administration.
Nature of the Doctoral Project
This doctoral project is a quality improvement evaluation. The project was
divided into a pre-and a post-implementation period. As this was a retrospective chart
analysis after implementing a quality improvement project, the hospital where the study
took place deemed that IRB approval was not needed. After receiving this permission, a
retrospective review of the surgical records from December 2021 through February 2022
was performed. This project aimed to examine the relationship between SCIP infection
prevention process of care measures after the initiation of a newly implemented advanced
OR schedule. This quality improvement project was conducted using de-identified,
aggregated antibiotic data from a rural Midwest hospital for both pre-and post-
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intervention groups. Data from chart reviews were used to determine the effectiveness of
pharmacy-led initiatives with two SCIP infection prevention measures.
Theoretical Framework
The Johns Hopkins Nursing Evidence-Based Practice (JHNEBP) model is a
problem-solving approach that aids in clinical decision-making (Dang & Dearholt, 2017).
The model uses a three-step process to aid healthcare professionals in meeting the needs
of the specific topic. The model employs a PET (practice question, evidence, and
translation) model (Dang et al., 2022). The objective of the model is to ensure that the
most up-to-date research findings and best practices are integrated into patient care (Dang
et al., 2022). Healthcare facilities across the world strive to provide standardized care to
improve patient outcomes. This theoretical model guided the multidisciplinary team
along the implementation of this collaborative quality improvement project. The
theoretical model was utilized while addressing the following practice/research question:
Does the incorporation of a pharmacy-led presurgical antibiotic selection in the new
multidisciplinary advanced OR schedule increase appropriate antibiotic selection and
timing?
As appropriate antibiotic use and timing have demonstrated decreased SSI rates,
the utilization of a standardized approach regarding selection and timing is desirable. The
implementation of an advanced OR schedule to include the ASHP-recommended
preoperative antibiotic dose for each procedure/patient has the potential to improve
compliance with ASHP guidelines and SCIP core measures. JHNEBP focuses on the use
of a multidisciplinary team approach at all steps of the process. This involves team
formation, extensive evidence appraisal, action plan, and implementation, followed by
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evaluation of findings. Evaluation of current evidence showed that non-compliance with
these nationally accepted guidelines, set by the ASHP, would increase a patient’s risk for
SSI development (Herawati et al., 2021). Further research by the CDC estimates that
approximately half of SSIs are preventable using evidence-based interventions (BerríosTorres et al., 2017). This furthermore increased the need to develop an evidence-based,
multidisciplinary quality improvement intervention employing the ASHP-recommended
preoperative antibiotic guidelines. The implementation included education to the surgical
unit staff to improve compliance with the ASHP guidelines at a rural Midwest hospital.
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Chapter Two
Introduction
Chapter Two includes a description of the theoretical framework and a review of
the literature on surgical antibiotics in general and pharmacy-led initiatives. The review is
divided into the following sections: a) surgical site infections, b) antibiotic selection, c)
antibiotic timing, and d) pharmacy-led initiatives. This literature review was conducted
using PubMed Central, CINAHL, and Google Scholar databases. Search terms included
preoperative antibiotics, presurgical, selection, pharmacy, protocol, order entry, surgical
site infection, prophylactic, and pharmacist. The purpose of this review was to evaluate
research articles and examine areas of preoperative antibiotics, including selection,
timing, and surgical site infections.
Surgical Site Infections
An SSI is one of the most serious postoperative complications. SSIs have been
associated with increased morbidity, mortality, readmissions, and prolonged hospital
stays (Mezemir, Seid, Gishu, Demas, & Gize, 2020). SSIs account for 20% of all HAI
(CDC, 2022). The CMS and CDC participate in ongoing surveillance of adverse events
such as SSIs (CDC, 2022). Although antibiotic guidelines have been established and
published, the rural Midwestern institution under review for this DNP project struggles to
meet perfect compliance. Similar concerns have been noted at other facilities, one
observing a four-month compliance of timely perioperative antibiotic administration to be
only 67.0% prior to the addition of interventional strategies geared to increase
compliance (Lie, Lee, Goh, Harikrishnan, & Poopalalingam, 2019). According to Enani
et al. (2021), 25-50% of surgical procedures involve the misuse of antibiotics either by
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overuse, underuse, or improper timing. Multiple factors have been noted in research to
aid in the reduction of SSIs, including: weight-based dosing, timing of dose, and
appropriate re-dosing intervals (Bratzler et al., 2013).
Noncompliance with SCIP antibiotic guidelines was identified via a study at a
550-bed academic tertiary care center. Interventions to remedy this included in person
staff educational sessions and regular reminder emails. Information shared included
appropriate antibiotic choice and dosing. Staff were provided with re-dosing reminders
via the electronic medical record. Educational posters with weight-based dosing and redosing intervals were also provided. Intranet availability of guidelines were made more
easily accessible (Haney et al., 2020). This study also incorporated the use of a preprocedural timeout inclusive of antibiotic choice, dose, and redosing intervals (Haney et
al., 2020). This facility was successful using a multidisciplinary approach to increase
SCIP antibiotic compliance (Haney et al., 2020). Results showed statistically significant
improvement in both initial dosing (p <0.001) and redosing (p <0.001) of prophylactic
antibiotics (Haney et al., 2020). This supports the future use of the incorporation of
education sessions with providers and the use of multidisciplinary interventions to
increase compliance with recommended antibiotic regimens.
Uppal et al. (2017) performed a retrospective cohort study, showing the
comparison of surgical site infections in patients receiving recommended vs. nonstandard antibiotic regimens in hysterectomy patients. The recommended antibiotic
selection was based on criteria from the American College of Obstetricians and
Gynecologists and SCIP protocols. According to Uppal et al. (2017), 21,358 patients
undergoing hysterectomies from July 2012 to February 2015 at a mix of academic and
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community hospitals were included in the study. The risk of SSI development was twice
(p <.001) as high when a non-standard antibiotic regimen was used in comparison to the
recommended guidelines group (Uppal et al., 2017). With the implementation of SCIP
guidelines and gynecological recommendations, the use of non-standard antibiotics
dropped from 5.2% to 2.5% (p <.001) (Uppal et al., 2017). The study recommended that
proper use of guideline antibiotics should be implemented across the surgical area to aid
in SSI reduction and potentially improve patient outcomes.
Surgical Infection Prevention
Without proper prophylactic antibiotics and appropriate timing, the incidence of
SSI development is greatly increased (Herawati et al., 2021). The Centers for Medicare &
Medicaid Services collaborated with the CDC to implement the National Surgical
Infection Prevention (SIP) Project (New Jersey Anesthesia Professionals, 2018). Under
this, a multitude of changes for healthcare institutions came into effect within the
preoperative and intraoperative departments. A congregation of different organizations
outline these changes. The success of the SIP program led to the further development of
the SCIP, which works to standardize processes that would assist in nationwide
compliance for the prevention of SSI (New Jersey Anesthesia Professionals, 2018). Since
2008, hospitals have been penalized through reimbursement reductions from the CMS for
Medicare patients who suffer from SSI after certain procedures (Kwong et al., 2017).
Federal legislation requires hospitals to report compliance rates with many of these
process measures. A study completed in 2017, by Bemenderfer, Rozario, Moore, and
Karunakar examined mortality and cardiac complications after the implementation of
SCIP protocols in patients undergoing elective total hip arthroplasty with underlying
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cardiac conditions. Bemenderfer, Rozario, Moore and Karunakar (2017) implemented
and evaluated eight SCIP measures. The following three were also evaluated by this
doctoral project:
•

SCIP Inf-1-Administration of prophylactic antibiotic within one hour before
surgical incision

•

SCIP Inf-2-Appropriate selection of prophylactic antibiotic for surgical patients

•

SCIP Inf-3-Prophylactic antibiotic discontinued within 24 hours following surgery
end time

A total of 345,875 patients were included in the Bemenderfer, Rozario, Moore, and
Karunakar (2017) study. Retrospective data was collected from 2003-2011, excluding
2006, using the Healthcare Cost and Utilization Project National Inpatient Sample
(HCUP-NIS) database. There was a 41% reduction in mortality after SCIP
implementation in patients undergoing total hip arthroplasty, which was statistically
significant (p =.003) (Bemenderfer, Rozario, Moore and Karunakar, 2017). The study
demonstrated decreased mortality rates when using SCIP guidelines in patients with
higher risk of mortality due to comorbidities.
Antibiotic Selection and Timing
In 2013, the ASHP, in collaboration with the Infectious Diseases Society of America,
the Surgical Infection Society, and the Society for Healthcare Epidemiology of America,
published the most recent clinical practice guidelines for antimicrobial prophylaxis in
surgery. These guidelines are intended to provide a standardized approach for the safe and
effective selection, dosing, and administration of antibiotics to prevent SSIs (Bratzler et al.,
2013). The primary intent of surgical antibiotics is to provide ample tissue antibiotic
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coverage prior to incision to ensure bactericidal concentration (Soule, 2018). Multiple
considerations determine which antibiotic a patient is to receive prior to surgery. The
procedure type and patient allergies are significant factors in antibiotic determination. The
antibiotic selection should be done in compliance with the ASHP guidelines based upon
the procedure-dependent pathogens most likely to be encountered.
Although the exact medication selection is based on the procedure to be
performed, the most commonly preferred first-line agents include first- and secondgeneration cephalosporins for surgical prophylaxis (Crader & Varacallo, 2022). Cefazolin
is the primary prophylactic antimicrobial agent for several reasons, one of which is its
ability to combat and provide coverage for aerobic gram-positive bacteria, the most
vigorous bacteria that cause SSIs (Heuer et al., 2017). Compared to other antimicrobials,
Cefazolin is relatively inexpensive, has minimal side effects, and has been
pharmacodynamically well studied (Heuer et al., 2017). Cefazolin is considered a broadspectrum, β-lactam antimicrobial agent and dosing should be based on the patient’s
weight (Heuer et al., 2017). Patients presenting with a β-lactam allergy often receive
clindamycin and/or vancomycin as an alternative agent. Clindamycin is the first-line
alternative agent for prophylaxis (Heuer et al., 2017). Vancomycin is the first-line
antimicrobial for Methicillin-resistant Staphylococcus aureus (MRSA) infections (Heuer
et al., 2017).
In addition to choosing the appropriate antibiotic for procedure, the recommended
time of administration is identified by ASHP. The timing of perioperative antibiotic
administration has been given attention by several large organizations. The World Health
Organization (WHO) has assumed a leading role in eliminating healthcare-associated
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harms and has compiled guidelines to address factors that contribute to SSIs (World
Health Organization, 2016). The administration of prophylactic antibiotics prior to
surgery has been specified in many clinical practice guidelines issued by professional
societies or national authorities (World Health Organization, 2016). Several of these
guidelines recommend the administration of presurgical antibiotics within 60 minutes
before the incision, with the exception of vancomycin and fluoroquinolones, which
requires 120 minutes within incision due to prolonged infusion times (World Health
Organization, 2016).
Despite these published recommendations, several studies have revealed poor
adherence to these nationally accepted guidelines (Bratzler et al., 2013). In 2017, an audit
of surgical patients at a tertiary care facility found that only “22% of patients showed full
compliance with the ASHP guidelines” (Mousavi et al., 2017, p 126). In the same study,
only “35% of patients received the recommended antibiotic agent, and only 42% of
patients received antibiotics within the appropriate time interval” (Mousavi et al., 2017,
p.128).
A systematic review and meta-analysis were conducted by de Jonge et al. (2017)
to review the effects of timing of preoperative surgical antibiotic prophylaxis on SSI
rates. Then, a systematic review was completed using the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) guidelines. The study reviewed 14 papers and 54,552
patients for qualitative analysis. The risk associated with SSI was significantly higher
when antibiotics were administered after the first incision and were five times higher
when antibiotics were administered more than 120 minutes before the incision (de Jonge
et al., 2017). This suggests that specifying time parameters for antibiotic times can lead to
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decreased SSI in a wide array of patient populations. Various interventions have been
suggested to increase compliance with ASHP guidelines and reduce SSIs. One study,
conducted at a 1,500-bed teaching hospital, worked to establish a long-term,
multidisciplinary antimicrobial stewardship program with various interventions (Segala et
al., 2020). Interventions consisted of audits, education, and detailed feedback regarding
surgical antibiotic prophylaxis performance (Segala et al., 2020). As a result, overall
guideline adherence (indication, dosing, timing, and duration) increased from 36.6% at
baseline to 57.9% post-intervention (p < 0.0001) (Segala et al., 2020). The interventions
put forth in the study resulted in significantly improved antibiotic selection (p < 0.05)
(Segala et al., 2020).
In a prospective review, Martzivanou et al. (2021) examined patients undergoing
elective laparoscopic cholecystectomy, inguinal hernia repair, or thyroidectomy. Posters
with the guidelines written very clearly were displayed around the unit for quick
reference (Martzivanou et al., 2021). Along with the posters, education sessions were
held to discuss presurgical antibiotic guidelines with surgeons, residents, and nurses
(Martzivanou et al., 2021). Cases were reviewed for antibiotic regimens and timing in a
three-month pre-and three-month post-intervention period (Martzivanou et al., 2021). A
total of 116 patients were included in the study. Perioperative antibiotic prophylaxis
increased from 0% to 68.8% (p < 0.005) for hernia repairs and laparoscopic
cholecystectomy increased from 0% to 53.1% (p < 0.005) compliance (Martzivanou et
al., 2021).
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Antimicrobial Stewardship Programs
Pharmacies within a healthcare network cover a wide area when it comes to
providing safe medication management. Proper selection of antibiotics is a crucial
component of proper, safe, and compliant care in any medical setting. Antimicrobial
stewardship programs have been instituted to optimize antimicrobial prescribing to
improve individual patient care while reducing hospital costs and infection rates (Segala
et al., 2020). Several studies have looked at pharmacy-led programs regarding
appropriate antibiotic selection. Fay et al. (2019) conducted a retrospective quasiexperimental study to evaluate the impact of implementing a pharmacy-led antimicrobial
stewardship program in urgent care settings. Current practices were reviewed, and the
need for updates and improvements was identified. Selected interventions included staff
education, distribution of guidelines, and culture follow-up (Fay et al., 2019). This took
place at two free-standing urgent care facilities staffed by physicians and mid-level
practitioners who, combined, treat more than 32,000 patients annually (Fay et al., 2019).
The study incorporated the use of local infectious disease care providers and pharmacists
to review pharmacist-led culture follow-up for discharged patients at both urgent care
facilities. Overall, Fay et al. (2019) determined that pharmacist-led urgent care
antimicrobial stewardship programs significantly improved guideline-concordant
antibiotic selection improvement (p = 0.01) (Fay et al., 2019).
Theoretical Framework
Surgery requires a multidisciplinary approach to ensure high-quality care. An
appropriate framework for instituting a multidisciplinary advanced OR schedule with
pharmacy-selected antibiotics is the Johns Hopkins Nursing Evidence-Based Practice
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(JHNEBP) model. The model, developed by Johns Hopkins Nursing, is a problemsolving approach to implementing evidence-based practice (EBP) to improve patient
outcomes (Dang et al., 2022). The application of this model is appropriate for use in this
scholarly project, as the goal of the model is to incorporate the latest research findings
and best practices into patient care quickly and appropriately (Dang et al., 2022). The tool
aids in the use of a multidisciplinary team to determine the most appropriate surgical
antibiotic prophylaxis and provides immense benefit to the surgical community.
There are three major components of the above-stated model. The steps are
identified as PET: practice question, evidence, and translation (Dang et al., 2022). The
first phase identifies the practice question. This entails the development of an EBP
question in a PICOT (population, intervention, control, outcomes, and timing) format
(Dang et al., 2022). This phase defines the scope of the question and implicates team
recruitment and scheduling of meetings. The second phase is defined as evidence and
encompasses the synthesis of evidence found in the literature. Recommendations are then
formulated based on research findings. The third phase is translation, during which the
mechanism of action is determined and implemented. Following this, outcomes are
evaluated, and the next steps for improved outcomes are identified (McEwen & Wills,
2017). This model was utilized to implement pharmacy-led antibiotic selection and an
advanced OR schedule. The goal is to improve antibiotic selection and timing. This
ultimately should enhance patient outcomes and reduce SSIs. The framework’s practice
question focuses on the formulation of an identified problem and a task force assembly.
The second step in the process is the evidence step. It involves the direct
collection of data by the collaborative team using a systematic approach (Dang et al.,
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2022). All research reviewed was scholarly work and directly related to the identified
PICOT question (Dang et al., 2022). For this DNP project, the question created by the
team was as follows: Does the incorporation of a pharmacy-led presurgical antibiotic
selection in the new advanced OR schedule increase appropriate antibiotic selection and
timing? Search terms used for this project included but were not limited to antibiotics,
prophylactic antibiotics, pharmacy, and protocol. Articles were then critiqued by the
primary investigators and compared depending on the level of data included.
The last step is translation, which includes the formulation of a workgroup and
action plan. The action plan is further broken down into the “ Four Ps” (purpose, picture,
implementation of plan, participation) (Dang et al., 2022). The first “P” is the purpose
and determines why things are changing. This scholarly project aims to improve
perioperative antibiotic selection and timing at a Midwest rural hospital. The next “P” in
the action plan is the picture. This allows those involved, the time to learn the process and
discuss changes or concerns if needed. Team players included pre-and postoperative
nurses, Certified Registered Nurse Anesthetists (CRNAs), and pharmacists. The next “P”
in the action plan is the picture. This allows those involved, the time to learn the process
and discuss changes or concerns if needed. Team players included pre-and postoperative
nurses, Certified Registered Nurse Anesthetists (CRNAs), and pharmacists. The next “P”
is the implementation of the plan. For the purpose of this DNP project, the advanced OR
schedule was placed into practice. The last “P” of the action plan is participation. This
allows for dynamic, positive, and consistent engagement by providers to use the
pharmacy led advanced OR schedule. Lastly, a re-evaluation of the process should be
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completed, and appropriate adjustments made (Dang et al., 2022). This is also the phase
where collected data can be used to provide future recommendations.
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Chapter Three
The CDC estimates that almost half the SSIs are preventable using evidencebased interventions (Berríos-Torres et al., 2017). Increased morbidity, mortality,
unsustainable costs, reimbursement reductions, and mounting concerns about antibiotic
resistance have led to a heightened awareness of compliance with SSI-prevention
strategies and in-depth analysis of SSI events (Monahan et al., 2020; Călina et al., 2017).
In 2013, the ASHP published the most recent clinical practice guidelines for preoperative
antimicrobial prophylaxis. These guidelines summarized the available evidence and
provided a standardized approach for the safe and effective selection, dosing, and
administration of antibiotics for the prevention of SSI (Bratzler et al., 2013). Noncompliance with these nationally accepted guidelines increases the risk of SSI (Herawati
et al., 2021). Finding ways to improve communication among healthcare staff and
patients is necessary to reduce mortality (Etherington, Wu, Cheng-Boivin, Larrigan, &
Boet, 2019). This multidisciplinary development design, as guided by the ASHP, aims to
identify if the implementation of an advanced OR schedule improves antibiotic selection
and timing. The development of an advanced preoperative schedule that can be used by
all operative disciplines was accomplished with guidance from the quality management
team in collaboration with operative staff and pharmacy.
Setting and Sample
The project was carried out at a Midwest rural hospital that actively participates in
harm-prevention strategies. Measurable harms are reported to Quality Performance
Reporting and the infection control team to improve patient safety. This rural facility
serves a total population of approximately 299,289 (U.S. Census Bureau, 2022). This
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facility has an average daily census of 130 patients. The surgery department is the largest
in the region, conducting approximately 3,734 inpatient and 7,764 outpatient surgeries
annually (American Medical Association, 2022). A sample size calculator was used with
a 95% confidence level and a 5% margin of error. A minimum sample size of 339 was
recommended for power for this DNP project (Creative Research Systems, 2012). Preand post-implementation data of 829 patients from December 1, 2021, to February 28,
2022. The participants were selected using consecutive sampling techniques. Surgical
patients who were aged 18 or over during the aforementioned time frame were evaluated
for inclusion. Emergency cases, as indicated by the American Society of
Anesthesiologists classification system of “E” on the anesthetic record, were excluded
from the analysis. Other exclusionary criteria were patients who were receiving
antibiotics for preexisting infections and cases where antibiotics were intentionally
delayed for culture collection. Cases listed as “unknown” on the anesthesia antibiotic
drug summary w/preop antibiotic were removed, as they could not be traced for proper
antibiotic selection. The project utilized a pre-and post-implementation descriptive design
when examining antibiotic compliance after the advanced OR schedule was
implemented. The principal investigators retrospectively collected and analyzed deidentified data for antibiotic selection and timing. De-identified data were shared with the
principal investigators for the duration of the QI project.
Planning and Preparation
A multidisciplinary team was formed comprised of anesthesia team members,
preoperative Registered Nurses (RN), postoperative RNs, clinical management, an
infection preventionist, department leadership, pharmacists, and informational
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technology. After an extensive literature review, the team decided to focus on improved
communication among all team members. The principal investigator worked in
conjunction with pharmacy leadership and information technology to revise the master
OR schedule to include the ASHP-recommended antibiotic dose. The purpose of this
change was to provide all members of the operative team with a universal visual reminder
of the correct antibiotic selection and dose for each patient/procedure. This information
was placed on the new advanced OR schedule by a pharmacist who verified the antibiotic
selection based on ASHP recommendations and hospital protocol after considering
patient allergies. Table 2 (see Appendix F) shows a comprehensive breakdown of
recommended antibiotics for surgeries. The antibiotic guidelines auto-generate onto the
new multidisciplinary advanced OR schedule and can only be altered by pharmacy staff.
Intervention
A multidisciplinary approach was used in all aspects of this study. A multi-phase
approach was utilized for this DNP project and consisted of a practice intervention and
project evaluation. It included a pre-intervention data collection of antibiotic times and
appropriate selection. The second phase included an educational session with the pre-and
postoperative nursing staff (RNs and Clinical Managers) and anesthesia staff
(anesthesiologists and CRNAs). Two meetings were held with both the nursing
department and anesthesia department the week prior to implementation to discuss
proposed changes and collect staff feedback. The principal investigator, in conjunction
with anesthesia leadership and OR leadership, conducted an educational session during
the regularly scheduled OR staff meeting with the CRNAs, with preoperative and
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perioperative staff present. A review of all 10 SCIP infection measures (INF) was
conducted with all staff but measures 1-2 were the primary focus.
Bemenderfer, Rozario, Moore, and Karunakar (2017) identified the following two SCIP
INF:
INF-1: Prophylactic antibiotic received within one hour before surgical incision
INF-2: Prophylactic antibiotic selection for surgical patients
ASHP preoperative antibiotic guidelines were printed and distributed to staff,
followed by a PowerPoint demonstration of the ASHP-recommended preoperative
antibiotics, dosing, and redosing intervals. The staff was shown the new advanced OR
schedule and how to locate it within Clinical Enterprise (the local facilities report
generating system). They were also informed about their facility’s infection/complication
rates by management. The purpose of these sessions was to elucidate the current problem,
teach about the ASHP guidelines and where/how to reference them, explain schedule
revisions, include staff in the process to increase engagement, and provide time for
discussion and questions.
After preparing the staff, the newly revised, advanced OR schedule was
implemented. Figure 2 (see Appendix B) illustrates the layout of the surgical OR
schedule used in the pre-intervention group. Figure 3 (see Appendix C) is the revised
comprehensive advanced OR schedule. Identifying information was removed for this
project but was retained for the OR staff during the 12-week period.
The delivery and development of the entire project were completed by the
primary investigator and the SSI committee. No outside funding was used. The
evaluation included a review of procedure type, procedure start and end times,
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antibiotic(s) administered, antibiotic(s) administration time, ordered antibiotic(s), and
ASA status located within Paragon and McKesson Anesthesia Care (local facilities
medical record systems). The IT team had previously built the “Anesthesia Antibiotic
Summary Report” within Enterprise Clinical Reporting to pull all necessary data in a deidentified fashion from Paragon and McKesson Anesthesia Care. The primary
investigator utilized this report to analyze the data, which were then shared with the staff.
An example of this report is shown in Figure 4 (see Appendix E) at the end of this paper
for review.
IRB Approval
An approval request was submitted to the Northern Michigan University
Institutional Review Board (IRB) and deemed “not human subject research.” IRB
approval was sought from the local Midwest hospital before project implementation and
was deemed “not human subject research.” This project was deemed “quality
improvement” by the hospital IRB and, thus, required no further action.
Measures
For this QI project, the sample included surgical patients from December 2021
through February 2022. Data was collected in conjunction with the information
technology department at the local rural hospital. Descriptive statistics were used to
synthesize, describe, and summarize the pre-and post-intervention data. Frequency tables
and binomial tests were used to compare pre-and post-intervention data. Data was
evaluated for normality using Shapiro-Wilk to examine if variables were normally
distributed in the presented population. Comparison tables, including bar and pie charts,
were used to present data.
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Ethical Considerations/Protection of Human Subjects
In compliance with the Health Insurance Portability and Accountability Act
(HIPAA), all information collected for this project was sent to the DNP student as deidentified data. Any hard copy of the data was stored in the anesthesia office and is only
accessible to the unit manager and the DNP student. All electronic files were password
protected. Throughout the project, no identifiable patient information was collected.
Additionally, no pictures or recordings of any kind were made during the project.
No patient identifiers were included in the data for this QI project. Medical record
numbers, account numbers, birthdays, and patient names were not made available to the
researchers. Because the data was de-identified, completion of patient consent forms was
not necessary. While rare, if issues arise, the risk is not related to research but rather the
implementation of the recommended protocol. In case of any issues or adverse events,
hospital policies/protocols were to be followed, including documentation of the
issue/event in the patient’s permanent medical record, and reporting of the issue/event
through RL Solutions. This is a global company that designs comprehensive healthcare
software for patient feedback, incident reporting, risk management, infection
surveillance, claims management, peer review, and root cause analysis (American
Hospital Association, 2022). This would include a detailed event summary and outcomes
related to the patient.
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Chapter Four
The primary goal of this quality improvement project was to promote improved
antibiotic selection and timing through the use of an advanced preoperative OR schedule
that can be used across a multitude of disciplines. This chapter discusses the results of
this descriptive correlational clinical project on the evaluation of an advanced OR
schedule and its relation to antibiotic timing and selection. Reported findings include
descriptive information concerning antibiotic selection and antibiotic timing and data
addressing the clinical questions.
A total of 1,485 surgical cases were initially considered for inclusion in this
quality improvement project. Of these, 656 were removed from the dataset due to
meeting the exclusion criteria. Data regarding the American Society of Anesthesiologists’
(ASA) physical status classification system was collected for both the pre-and postintervention groups. Further analysis was not performed utilizing this status, as the
purpose of the ASA is to assess and communicate a patient’s pre-anesthesia medical comorbidities (American Society of Anesthesiologists, 2020). American Society of
Anesthesiologists (2020) outlines the following levels:
•

ASA I: A normal, healthy patient

•

ASA II: A patient with mild systemic disease

•

ASA III: A patient with severe systemic disease

•

ASA IV: A patient with severe systemic disease that is a constant threat to
life

A complete breakdown of all cases is presented in Figure 2 (see Appendix B). Of the 829
participants, 47.9% of cases were classified as an ASA level number 3, meaning almost
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half the sample was classified as a patient with a severe systemic disease that is not lifethreatening.
Data Analysis
The primary objectives addressed in this project were as follows:
1. To evaluate the appropriateness of antibiotic selection after implementation of a
universal preoperative OR schedule
2. To evaluate the appropriateness of antibiotic timing after implementation of a
universal preoperative OR schedule
Data that met the inclusion criteria were evaluated using varying statistics, including the
Shapiro-Wilk test, Binomial test, and frequency tables. All included cases were reviewed
for missing data using Statistical Package for the Social Sciences (SPSS) Version 25. To
determine what test to use for analysis, the data was evaluated for normality. The
Shapiro-Wilk W test was used to test the normality of all continuous variables (Grove &
Cipher, 2017). The data for antibiotic timing was determined to be non-parametric for
both before and after the intervention based on the Shapiro-Wilk test (p < .001 for both).
The p-values of the Shapiro-Wilk test were greater than the level of significance value set
at 0.05 (p <.001), indicating the absence of a normal distribution. The rural healthcare
facility had a final sample size of 829 completed cases. Figure 5 (see Appendix G)
reveals that there are some outlier variables in time of administration when the time
difference was relatively much higher (or much lower) to violation of normality of both
variables. Descriptive statistics revealed that the mean times for antimicrobial
prophylaxis were relatively the same on the pre-and post-interventions groups. Both
means were within the ASHP guidelines for antibiotic timing. Pre-implementation
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antibiotics had a mean start time before incision of 15.20 minutes, while postimplementation had a mean of 15.06 minutes. Although the means fall within the AHSP
standards for administration, many outliers were noted due to delays in antibiotic
administration in both groups.
To see if the compliance with appropriate antibiotic timing improved with the
implementation of the advanced OR schedule, frequencies were obtained for both pre-and
post-intervention groups. A two-sample binomial test was used to determine if a
statistical difference was observed. For the pre-and post-intervention group, antibiotic
compliance was evaluated using a binomial test for antibiotic timing. This evaluated the
total number of cases in which antibiotics were given within the recommended 60-minute
range before incision or outside the 60-minute range. This is to test the null hypothesis
that there is no statistically significant difference between the proportion of time
difference of infusion in the pre-and post-intervention. Presurgical antibiotic timing was
within the 60-minute pre-incision time in 96.9% of cases. Postsurgical antibiotic timing
was within the 60-minute pre-incision time 96.8% of the time after implementation of the
advanced OR schedule. The binomial test revealed almost identical results in the pre-and
post-data. At a 95% confidence interval, the binomial test results revealed (X2 =
0.060425; df = 1; p = 0.8058) that there was no statistically significant improvement after
the implementation of the OR schedule, resulting in acceptance of the null hypothesis.
To see if the compliance with ASHP guidelines for appropriate antibiotic
selection improves with the implementation of the advanced OR schedule and
frequencies, a two-sample binomial test was used. Evaluation of the pre-intervention data
shows a relative frequency of 0.957 in comparison to the post-intervention data with a
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relative frequency of 0.955. This means that 95.7% of cases in the pre-intervention group
received correct ASHP antibiotics, while 95.5% of cases received appropriate antibiotic
coverage in the post group. A two-sample binomial test for proportions was used for an
evaluation of these frequencies. At a 95% confidence interval, the two-sample binomial
test results revealed that there was no statistically significant improvement in the
utilization of appropriate antibiotics after the implementation of the advanced OR
schedule (X2 = 4.6472; df = 1; p = 0.4776). Based on the result of the test (p > 0.05), we
cannot reject the null hypothesis. There is no statistically significant difference between
both frequencies in the pre- and post-data. Further breakdown of the data from both preand post-intervention groups was examined to see if any patterns of correlation among
antibiotics most missed could be identified. Cefazolin was the antibiotic most commonly
missed in the presurgical setting (44% in the pre-intervention group and 50% in the postintervention group). This could be because it is the most commonly given antibiotic
within the surgical department. The second most common presurgical antibiotic missed
was clindamycin (33% in both pre-and post-intervention groups). Figures 8 and 9 (see
Appendix L and M) depict all antibiotics missed, and Figure 10 (see Appendix N) shows
the number of presurgical antibiotics missed in both pre-and post-intervention groups.
Determining what antibiotics were missed can help improve the pharmacy tracking of
antibiotics distribution.
Discussion
In this retrospective study, data of 829 patients who underwent surgery between
December 1, 2021, and February 28, 2022, were evaluated. The data were evaluated for
the practice of surgical antimicrobial prophylaxis concerning compliance with ASHP

28
guidelines. Adherence to guidelines can enhance the quality of antibiotic use, promote
safer surgery and prevent SSIs. This DNP project aimed to evaluate if there was an
improvement in both antibiotic selection and timing with the advanced OR schedule in
adult patients undergoing surgical procedures. The project facilitated the use of a
multidisciplinary team to aid in the development and implementation of the advanced OR
schedule. It has been well established that incorporating presurgical antibiotic protocols
in the surgical setting can improve outcomes by decreasing mortality rates, reducing
SSIs, and increasing compliance with the SCIP measures (Crader & Varacallo, 2022).
This study observed that all 829 participants received some type of surgical antimicrobial
prophylaxis. Although previously published literature demonstrated improvements in
antibiotic timing and selection, this project did not. Although all patients received
presurgical antibiotics prophylaxis, 18 patients in both the pre-and post-intervention
groups did not receive proper ASHP antibiotic coverage, placing them at substantially
increased risk of SSI development. This study does not evaluate the causation of this
finding. This project did not allow for the person administering medications to make
comments on the electronic medication record. It is unknown why a different selection
may have occurred and whether or not it was discussed with the pharmacy before the
surgery for approval.
Clinical Implications for Practice
The intervention of using a multidisciplinary advanced OR schedule has become a
widely accepted approach at this facility. This approach could be expanded and
embedded across various parts of the healthcare system that require the scheduling and
administration of prophylactic antibiotics. The use of a consistent multidisciplinary care
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bundle has been shown to limit adverse events, including reducing the risk of infection
and improving patient outcomes (Tufts et al., 2019). Although the advanced OR schedule
made no statistical improvements to antibiotic selection and timing, education was
provided to staff about ASHP guidelines across the departments. This interprofessional
approach can optimize antibiotic prophylaxis selection and timing, minimize adverse
events, and drive optimal patient outcomes. The surgical staff were provided with EBP
educational sessions to review CMS guidelines for possible SSI reduction and reduce
mortality within the OR. The advanced OR schedule, including the recommended
presurgical antibiotics, highlighted the importance of promoting adherence to the already
existing, well-established ASHP guidelines.
Strengths
Although the data shows a lack of evidence to claim that implementing an
advanced OR schedule improves compliance with antibiotic selection and timing, the
main strength of this DNP project was the implementation of an evidence-based process.
This allowed for additional education and multidisciplinary interventions to be
implemented. Education about antibiotic recommendations was provided to all
preoperative RNs and CRNAs, which provided an exceptional opportunity to educate on
the prevention of SSIs and CMS surgical guidelines. This project also allowed for a more
streamlined process for antibiotic selection based on evidence-based guidelines set by the
ASHP. The process allowed for a more comprehensive presurgical antibiotic chart that
could be referenced by all staff in the rural healthcare facility. This study analyzed a large
and diverse sample, as it included a wide array of providers and surgeries. The actual
sample size was noted to be well above the minimum indicated by the sample size
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calculator for this study. This allowed for a more thorough evaluation of patient data on a
larger spectrum.
Limitations
The DNP project has various limitations. A high turnover rate among staff in the
surgical department made consistency with antibiotic practice and the implementation of
a new project a concern. Several large leadership positions, particularly the surgical
director and manager, were vacant for the complete length of this project, making
scheduling and consistency with follow-up difficult. Turnover in this rural Midwest
facility was at an all-time high, including positions in infection control, which made SSI
tracking difficult.
Another significant limitation to this quality improvement project was the lack of
demographic information, SSI rates, and the dose of prescribed antibiotics. Cases were
evaluated for proper selection; however, dosages were not examined, which could have
resulted in inadequate coverage. SSI tracking is performed only on select patient
populations at this time, making SSI tracking for this study a void. The inclusion of SSI
rates for all surgical patients at this facility would have provided more comprehensive
results. Long-term follow-up visits to assess SSI outcome was not performed within this
study. Both before and after the intervention, a standard evaluation of antibiotic selection
and timing was performed. Educational sessions were provided to staff prior to
implementation. The parameter of an educational presentation was no evaluation was
performed to ensure comprehension.
Another limitation to this DNP project was the short timeline for implementing
the project, which could have possibly resulted in the Hawthorne effect. Demographic
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data on age, sex, weight, etc., was not obtained, which could have been useful for further
analysis.
The ongoing global pandemic posed additional challenges to this project. Some
limitations to the project during the COVID-19 pandemic resulted from the meetings
among the SSI committee members getting delayed, the need to switch to virtual modes,
and at times, meetings getting canceled altogether. Multiple surgical procedures were
canceled or delayed due to the increase in Delta and Omicron COVID-19 cases in the
local community during the project.
Funding
There was no outside funding for this DNP project.
Recommendations for Future Research
Further studies should consider analyzing a more advanced de-identified data
collection. In addition, resources for IT tracking must be sought to include more
demographics, including weight, to further evaluate appropriate antibiotic dosing. Future
investigations should include SSI rates in both the presence and absence of compliance
with CMS surgical guidelines. Enhancing consistency with members of SSI prevention
committees could provide more consistent results, as well as improved education. Since
the findings were very similar to one another in both the pre-and post-intervention group,
a larger-scale project with limited exclusion criteria and a longer timeline of evaluation
would be beneficial to see if more statistical differences could be identified. Availability
and awareness regarding antibiotics and administration guidelines are important
interventions for appropriate surgical antimicrobial use. It can be implemented at any
healthcare institution, although it is not guaranteed that the application of the same study
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in another department will yield improved results. The evaluation of selection in
comparison to proper dosage should be initiated within any replicative study.
Conclusion
With more than 10 million patients undergoing surgical procedures every year, it
is important to recognize the importance of a standardized infection reduction program
(Agency for Healthcare Research and Quality, 2019). Every member of the healthcare
team must make an effort to comply with the guidelines on antibiotic administration. This
DNP project was a steppingstone for success in turning evidence-based practice into
clinical roadmaps as it relates to patient outcomes. Although this quality improvement
project did not produce statistically significant findings, it created a framework for future
interventions.
This is a project that can be reevaluated and incorporated into other areas
requiring presurgical antibiotics, such as Cath Lab or Interventional Radiology. The
multidisciplinary approach with clearly defined roles and process improvements
discussed in this article can easily be implemented in other settings as well. Further
interventions and strategies for implementing advanced antibiotic initiatives are needed to
improve antibiotic prescribing and use. These elements, along with the use of the John
Hopkins Nursing Evidence-Based Practice model, should be implemented in a variety of
settings to improve the timely delivery and selection of prophylactic surgical antibiotics.
This tool allowed for an organized multidisciplinary approach to evaluating problems and
a systematic EBP approach to implementation.
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APPENDIX A
Figure 1. The Johns Hopkins Nursing Evidence-based Practice Model
From “Johns Hopkins Nursing Evidence-Based Practice Model,” by Dang and
Dearholt (2017). Copyright 2017 by Paschal Sheeran. Reprinted with permission.
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APPENDIX B
Figure 2. OR Schedule Without ASHP Presurgical Antibiotics Listed (Preimplementation)

43
APPENDIX C
Figure 3. Newly implemented Advanced OR Schedule with ASHP Presurgical
Antibiotics (Post-implementation)
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APPENDIX D
Table 1
Surgical Prophylaxis Antibiotic Guidelines reference based on ASHP recommendations
for Local Midwest Facility
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APPENDIX E
Figure 4. Monthly Anesthesia Antibiotic Summary Report sent to Primary Investigator
for Data Review
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APPENDIX F
Table 2
Complete Frequencies of American Society of Anesthesiologists (ASA) Physical Status
Classification System for Pre-and Post-Data
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APPENDIX G
Figure 5. Box Plot of Antibiotic Times
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APPENDIX H
Table 3
Timing parameters of Administration of Antibiotics Before and After the Advanced OR
Schedule Intervention with Total Cases Listed
ANTIBIOTIC ADMINISTRATION TIMES
Given within 60 minutes

Given greater than 60

of incision

minutes of incision or after

Total Cases (n)

PRE

412

13

425

POST

391

13

404
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APPENDIX I
Figure 6. Antibiotic Administration Timing in Pre and Post Groups
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APPENDIX J
Table 4
ASHP Guidelines with Antibiotic Selection Frequency Table of Pre-implementation and
Post-implementation

ANTIBIOTIC SELECTION FREQUENCY TABLE
Appropriate Selection

Relative Frequency

Cases (N)

PRE

407

0.957

425

POST

386

0.955

404
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APPENDIX K
Figure 7. Compliance with the Selection of Perioperative Antibiotic Prophylaxis per
ASHP and in Total, Before, and After the Intervention
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APPENDIX L
Figure 8. Antibiotic Missed by Percentage Pre-intervention
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APPENDIX M
Figure 9. Antibiotic Missed by Percentage Post-intervention
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APPENDIX N
Figure 10. Antibiotic Missed by Case Numbers in Both Pre-and Post-intervention Groups
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APPENDIX O
Figure 11.UPHS-Marquette IRB Approval Letter
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APPENDIX P
Figure 12. Approval for JHNEBP Tool Use

